Purpose: Glucarpidase (Voraxaze) is used to treat methotrexate (Mtx) toxicity in patients with delayed Mtx clearance due to impaired renal function. We examine hospital length of stay (LOS), mortality, and readmission rates for Medicare cancer patients with delayed clearance of Mtx treated with glucarpidase. Methods: Using 2010-2017 Medicare claims data, we identified glucarpidase patients as those hospitalized with indications of select lymphomas or leukemia, inpatient chemotherapy, and glucarpidase treatment. We assessed outcomes of glucarpidase patients relative to those experienced by patients treated for presumed Mtx toxicity using other therapies. These nonglucarpidase patients were identified with a diagnosis of primary central nervous system lymphoma, indications of cancer-chemotherapy toxicity, and acute kidney injury during hospitalization (not present on admission), and were divided into two groups: treated with dialysis (dialysis + ) and treated with or without dialysis (dialysis +/-). Inverse-probability treatment weighting using propensity scores was used to adjust for differences between groups. Results: Patients treated with glucarpidase (n=30) had an average LOS of 14.7 days. They had inpatient, 30-day, and 90-day mortality rates of 3.3%, 13.3%, and 16.7%, respectively, and a 90-day all-cause unplanned readmission rate of 24.1%. The dialysis + and dialysis +/-groups, respectively, had higher average LOS (40.2, 21.9), higher inpatient mortality (50.6%, 20.8%), and higher 90-day mortality (58.6%, 37.6%). No statistically significant differences in 30-day mortality or 90-day readmission rates were detected between the glucarpidase group and either of the nonglucarpidase groups. Unobservable differences in patient severity may impact the interpretation of our findings. Conclusion: Medicare cancer patients with presumed Mtx toxicity receiving conventional treatment experience long hospitalizations, high intensive-care unit use and high mortality. Glucarpidase patients had lower LOS, inpatient mortality, and 90-day mortality than the nonglucarpidase patients.
Introduction
Glucarpidase (Voraxaze) is used to treat methotrexate (Mtx) toxicity in patients with delayed Mtx clearance due to impaired renal function. In this study, we examined hospital length of stay (LOS), mortality, and readmission rates among Medicare beneficiaries with cancer treated with and without glucarpidase. Nonglucarpidase patients were those treated for presumed Mtx toxicity using other therapies based on clinical indicators observed in the Medicare claims data. We also conducted an exploratory analysis, comparing outcomes between patients who received glucarpidase within 3 days of admission to the hospital and those who received it after 3 days of admission.
Literature review
We conducted a systematic literature review on the effectiveness of glucarpidase in treating Mtx toxicity. The Supplementary material includes our literature review methodology and attrition chart. Of the 28 studies included in the literature review, 6 were observational, [1] [2] [3] [4] [5] [6] 5 were literature reviews, [7] [8] [9] [10] [11] and 17 were clinical case studies. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Across all included studies, researchers assessed the impact of glucarpidase administration on patients with delayed Mtx clearance and/ or Mtx-induced toxicity. The most commonly studied patient outcomes related to our study were patient mortality and time to renal recovery. We found no studies on the impact of glucarpidase on readmission rates.
The majority of the studies identified in the literature review were clinical case studies, which examined patient mortality. Among patients included in the clinical case studies, nearly all (24 of 26) who received glucarpidase rescue survived the toxicity. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] Mortality was also a common outcome in the observational studies; however, there was variation across studies in terms of the period over which mortality was measured and whether overall mortality or mortality related to high-dose Mtx (HDMtx) was reported. Across included observational studies, overall mortality varied from 6.2% 3 to 44.2%, 6 and mortality directly attributed to complications due to HDMtx ranged from 0 5 to 23.3%. 6 Schwartz et al 6 conducted an observational study of 43 adult and elderly (aged 18-78 years, median age of 54 years) acute lymphocytic leukemia, lymphoma, germ-cell tumor, and osteosarcoma patients treated with glucarpidase. The majority of patients experienced grade III-IV toxicities, including hematotoxicity, mucositis, nephrotoxicity, and hepatotoxicity. All patients received glucarpidase, followed by leucovorin and standard supportive care. Ten patients died of HDMtx-associated complications, including infection, uremia, neurotoxicity, and peritonitis with multiorgan failure. Unlike Schwartz et al, 6 both Widemann et al 4 and Buchen et al 3 observed glucarpidase rescue among younger cancer patients. Buchen et al performed a prospective, open, nonrandomized, multicenter trial for 65 patients suffering from acute lymphocytic leukemia, non-Hodgkin's lymphoma, osteosarcoma, and various other cancers. Patients received 33-60 U of glucarpidase/kg body weight, followed by leucovorin and standard supportive care.
Despite glucarpidase rescue, three patients died due to severe myelosuppression and sepsis related to Mtx toxicity. Widemann et al 4 conducted a retrospective study of 100 cancer patients to assess the impact of glucarpidase, leucovorin, and thymidine on patients suffering from Mtx toxicity and reduced renal function. Glucarpidase was administered at a median of 96 hours post-Mtx administration if alongside thymidine and 66 hours post-Mtx administration if alone. A total of 12 patients died, half attributed to delayed glucarpidase administration and irreversible Mtx toxicity. In their 2014 retrospective study, Widemann et al 9 assessed the effectiveness of glucarpidase rescue for patients experiencing renal toxicity and delayed elimination of Mtx. Of the 492 patients included in the study, 8% died within 30 days of glucarpidase administration. However, all deaths were ruled unrelated to glucarpidase by the patient's treating physician. In Flombaum et al's 2 observational study on seven cancer patients treated with glucarpidase, one patient expired due to complications related to sepsis. Additional research on the impact of the time of glucarpidase administration was conducted by Ward et al, 1 who concluded that increased patient mortality was associated with delayed administration.
Our examination of prior literature reviews yielded three additional observational studies that reported mortality among patients treated with glucarpidase. Widemann et al 9 examined mortality among 20 osteosarcoma and gastric cancer patients receiving glucarpidase. Two patients expired, one from HDMtx-related myelosuppressive and pulmonary complications. In their literature review, Cavone et al reported on Krause et al's study, in which the authors examined eight adult cancer patients experiencing renal impairment and delayed Mtx clearance, and all patients survived following treatment with glucarpidase. 11 Fermiano et al's literature review discusses Christensen et al's study, in which the authors focused on 20 pediatric patients suffering from Mtx induced acute kidney injury (AKI). 10 All patients received glucarpidase and supportive care, and survived treatment.
Although we identified no studies that explicitly reported LOS, several studies reported time to renal recovery after Mtx-induced toxicity. Among the clinical case studies that reported this outcome, time to renal recovery ranged from 7 days post-HDMtx administration 17 to 6 weeks, 13 with the majority of studies reporting time to renal recovery of <1 month. Among the observational studies included in the literature review, median time to renal recovery ranged from 12.5 days post-glucarpidase administration 5 to 22 days post-HDMtx administration. 4 In their 2004 literature review of clinical case studies about osteosarcoma patients using HDMtx, Widemann et al 9 reported that patients treated with submit your manuscript | www.dovepress.com
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Demiralp et al supportive-care measures, including dialysis, resumed "normal" renal function within a median of 16 days, and patients treated with glucarpidase resumed "normal" renal function within a median of 22 days. Our literature review revealed several gaps in the literature. First, the literature lacks studies that directly compare outcomes between patients who received and did not receive glucarpidase. Second, the studies we found focused on a limited set of patient outcomes that included mortality and time to renal function. We aim to fill these gaps in the literature with our study. Specifically, we contribute to prior literature by assessing patient outcomes associated with glucarpidase relative to outcomes experienced by similar patients who are not treated by glucarpidase. In addition, we examine episodebased patient outcomes and resource utilization associated with glucarpidase. To our knowledge, this study is the first claims-based analysis on the outcomes of patients treated with glucarpidase.
Immunosuppressive agent and toxicity
Mtx is an anticancer and immunosuppressive agent that is used in the treatment of rheumatoid arthritis, psoriasis, and various malignancies. It is an antifolate that prevents the synthesis of folic acid, thereby inhibiting cell growth. HDMtx, administered intravenously at doses of 500 mg/m 2 or higher, is frequently used to treat lymphoblastic leukemia, primary central nervous system lymphoma (PCNSL), and other lymphomas. 29 It can cause significant toxicity and renal dysfunction, including renal failure and death. 6, 8, [29] [30] [31] Mtx toxicity refers to toxic plasma Mtx concentrations >10 μmol/L 24 hours after administration, >1 μmol/L 48 hours after administration, or >0.1 μmol/L 72 hours after administration. 32 AKI results from crystal nephropathy, a process in which Mtx precipitates within the renal tubules. This crystalinduced nephropathy begins with an asymptomatic elevation in serum creatinine levels, and can develop into tubular necrosis and AKI. 29 This impairment can lead to delayed excretion of Mtx through the kidneys and induce other toxicities and adverse effects. 29 Prolonged kidney dysfunction results in continued accumulation of Mtx at toxic levels, and this with increased systemic Mtx exposure can cause other toxic reactions, including myelosuppression, mucositis, hepatotoxicity, and in severe cases multiorgan failure. 29 In general, AKI is considered an important predisposing factor to end-stage renal disease (ESRD) and a risk factor for other outcomes, such as recurrent hospitalizations, future AKI, cardiovascular events, and mortality. 33 A recent publication revealed that patients who survive an AKI episode have double the risk of death, triple the risk of ESRD, and ten times the risk of developing incident or progressive chronic kidney disease (CKD). 33 The rate of cardiovascular events is as high as 22%, and mortality related to cardiovascular events is 33% in patients with AKI, and even higher in those with a history of diabetes mellitus, hypertension, prior cardiovascular diseases, and those who develop CKD. 34 Though some AKI episodes may be considered harmless, poor cardiovascular outcomes indicate the presence of systemic damage secondary to the inflammatory process during the AKI episode. This may continue even after the patient has survived the initial AKI episode and has regained baseline renal function. 34 Although the extent to which HDMtx-induced AKI follows patterns observed in the general AKI population is unknown, the poor outcomes observed in the general AKI population raises concerns about the potential adverse effects of HDMtx-induced AKI.
Due to the potentially harmful effects of Mtx toxicity on renal function, patients treated with HDMtx are closely monitored and provided supportive care, including hydration, urinary alkalinization, and leucovorin (folinic acid). 29, 35 Patients exhibiting toxic plasma Mtx levels and delayed elimination during treatment receive aggressive supportive care consisting of high doses of leucovorin and/or frequent doses of intravenous fluids. 3, 35 As the patient shows signs of renal insufficiency and reduced Mtx clearance, glucarpidase and/ or dialysis is added to the supportive-care treatment regimen to accelerate Mtx clearance. 6, 9, 17, 36 The resulting reductions in plasma Mtx allow leucovorin to work more effectively and counter the effects of Mtx intracellularly. Although glucarpidase is typically administered once the patient demonstrates acute kidney dysfunction, some clinicians suggest it should be administered earlier, when the patient first begins exhibiting symptoms of AKI and elevated plasma Mtx levels. 6, 36 Clinical strategies Vigorous hydration and urinary alkalinization are considered standards of care to be administered prior to and during Mtx therapy. Because Mtx is eliminated through the kidneys, the use of fluids can enhance normal Mtx elimination by promoting high urinary flow rates and alkalinizing the urine, which prevents crystallization of Mtx. These processes protect the kidneys from injury and mitigate the onset of other toxicities. Many pediatric protocols recommend at least 2 hours of hyperhydration with a minimum of 200 mL/m 2 
29
Leucovorin has been in use as a rescue therapy for HDMtx toxicity for >30 years. It is considered effective in the prevention of specific toxicities associated with HDMtx treatment, including myelosuppression, gastrointestinal toxicity, and neurotoxicity. While some have found leucovorin to be sufficient in treating HDMtx toxicity, others have argued that at high Mtx concentrations (>100 μM), leucovorin may not be as effective, leaving the patient vulnerable to kidney injury and other associated toxicities. 29, 37, 38 Dialysis involves the removal of Mtx from the blood through diffusion. Two main types of dialysis, hemodialysis and peritoneal, are most commonly used for patients experiencing HDMtx-induced toxicity and related kidney injury. 29 However, dialysis is usually ineffective in the removal of Mtx, except for high-flux hemodialysis, which may not be readily available or suitable for patients and may require multiple sessions. 39 Glucarpidase is used to lower toxic Mtx levels rapidly among patients with renal impairment and delayed clearance of Mtx. It works by breaking Mtx into two inactive compounds that can be excreted nonrenally. 8, 29 Glucarpidase was available on a compassionate-use basis from 1993 until it was approved by the US Food and Drug Administration in January 2012. 29, 40 Prior literature on the effectiveness of glucarpidase, consisting primarily of case reports and clinical studies, has found it to be an effective treatment for Mtx toxicity, reducing plasma Mtx concentration by >97% within 15 minutes of administration. 3, 4, 6, 35, [40] [41] [42] Research also suggests that early administration of glucarpidase (<96 hours after start of HDMtx) may lower the risk of developing grade 4 toxicity and reduce the risk of mortality in patients who receive glucarpidase within 2 days of HDMtx. 1, 4 Recently developed guidelines on the use of glucarpidase recommend the administration of glucarpidase within 48-60 hours after the start of HDMtx infusion with indication of delayed Mtx clearance. 43 
Methods
Data and study population
Data for the analysis came from Medicare inpatient standard analytic files (SAFs) and denominator files between Q1 2010 and Q3 2017. We used Medicare inpatient SAFs to obtain data on 100% of Medicare fee-for-service (FFS) claims for short-term acute-care hospitals. Denominator files were used to gather information on patient demographics, Medicare part A and B coverage information, and date of death. The Medicare FFS patient population was chosen as the study population due to the availability of the detailed diagnostic and inpatient hospital utilization information available in Medicare claims. While the majority of the Medicare population consists of beneficiaries aged 65 years and older, it also includes patients younger than 65 years, who are eligible for Medicare primarily due to disability.
Medicare SAF data do not permit direct identification of patients who have received Mtx or leucovorin or had Mtx toxicity. Consequently, our study population was selected based on the following criteria designed to capture patients with Mtx toxicity as accurately as possible, given the limitations of the data: 1) patients hospitalized in a short-term acute-care hospital for the treatment of cancers commonly treated with Mtx (lymphosarcoma, reticulosarcoma, other specified malignant tumors of lymphatic tissue including PCNSL, lymphoid leukemia, and other malignant lymphomas), and 2) patients who received chemotherapy during their inpatient stay. We excluded the following patients to ensure that their entire care episode was observable in claims data: 1) patients without part A coverage during their hospitalization and for 90 days following discharge, 2) patients enrolled in a Medicare Advantage plan during hospitalization or the 90 days following discharge, and 3) patients discharged against medical advice. Part A coverage refers to coverage for inpatient hospitalizations, and Medicare Advantage plans are offered by private companies approved by Medicare. Table S1 reports definitions for all variables used to define the study population. Medicare claims data used in the analysis were obtained as limited data sets under a data-use agreement, and thus did not require authorization from study subjects or documentation of a waiver according to the Privacy Rule of Health Insurance Portability and Accountability Act.
Identification of glucarpidase and nonglucarpidase groups
Cancer patients who received glucarpidase during their hospitalization based on specific ICD9 or ICD10 procedure codes were identified as the glucarpidase group (Table S1) . Based on the indications of glucarpidase, we assumed that all patients treated with glucarpidase had toxic plasma Mtx concentrations.
To serve as a benchmark for the glucarpidase group's outcomes, we also constructed a nonglucarpidase group of patients who were treated for presumed Mtx toxicity using alternative treatments. Since Medicare claims data did not indicate whether the patient had Mtx toxicity, we identified patients for the nonglucarpidase group based on the following clinical indicators observed in the Medicare claims data. First, we identified patients who had been diagnosed with PCNSL, for which HDMtx is used as the primary inductiontreatment regimen and the most significant treatment option related to PCNSL survival. [44] [45] [46] Among the PCNSL patients, we identified those who received inpatient chemotherapy and had an indication for adverse effects/poisoning due to antineoplastic and immunosuppressant drugs during their inpatient stay (Table S1 ). Given the relationship between Mtx toxicity and AKI, we further required that the patients did not have acute or chronic renal insufficiency present on admission but developed AKI during their hospital stay (Table S1 ). Elderly patients may have other comorbidities that can cause preexisting impaired renal function. By limiting the nonglucarpidase group to those who did not have prior acute or chronic renal insufficiency but developed AKI during the hospital stay, we aimed to strengthen the linkage between AKI and chemotherapy treatment. Taken together, these criteria resulted in a nonglucarpidase group that was likely to have experienced toxicity as a consequence of Mtx therapy during their inpatient stay. Finally, since all glucarpidase patients were treated in urban hospitals, we limited the nonglucarpidase group to patients in urban hospitals.
The decision to treat the patient with dialysis depends on illness severity, and is correlated with LOS, mortality and readmission rates. Consequently, we assessed the outcomes of two nonglucarpidase groups based on dialysis use. The "dialysis + " group is the subset of the nonglucarpidase group that was treated using dialysis during their inpatient stay, and the "dialysis +/-" group consisted of all nonglucarpidasegroup patients, regardless of dialysis use. These patients were considered to have been given standard-of-care therapies for prevention and treatment of AKI due to HDMtx. We created the dialysis +/-group as an alternative group to conduct sensitivity analyses and assess the robustness of our findings using a broader group for comparison purposes. In addition to examining outcomes of glucarpidase patients with select lymphomas and leukemias, we also examined the outcomes of glucarpidase patients treated for PCNSL and examined their outcomes relative to those among patients in the dialysis + and dialysis +/-groups.
Outcome and explanatory variables
We assessed glucarpidase patients in terms of LOS during hospitalization, LOS in the intensive-care unit (ICU) during hospitalization, inpatient mortality, 30-day mortality after admission to hospital, 90-day mortality after admission to hospital, and 90-day postdischarge all-cause readmission rate. LOS is a proxy measure of the costs hospitals incur when treating these patients. Mortality and readmission rates are generally used as measures of clinical effectiveness. Inpatient mortality is important because an immediate treatment goal is to keep the patient alive after Mtx toxicity. Because physiological side effects caused by Mtx toxicity (eg, CKD) manifest themselves after discharge, 90-day mortality is also important. We used 30 days and 90 days as short-term and long-term goalposts, respectively, in examining mortality. Our readmission measure excluded planned readmissions, such as readmissions for maintenance chemotherapy, using an algorithm in CMS's hospital-wide all-cause readmissionmeasure definition, and was conditional on being discharged alive. 47 In comparing outcomes between the glucarpidase and the two nonglucarpidase groups, we controlled for patient age, total number of conditions in Elixhauser Comorbidity Index, congestive heart failure, cardiac arrhythmias, valvular disease, pulmonary circulation disorders, chronic pulmonary disease, complicated diabetes, renal failure (other than AKI), complicated hypertension, and tumor-lysis syndrome. 48 The clinical characteristics used in risk adjustment were selected based on their importance in indicating severity and affecting outcomes in the study population. All clinical indicators were defined using diagnosis codes in the acute-care hospital, and all (other than tumor-lysis syndrome) were defined based on Elixhauser conditions.
Statistical analysis
In order to compare outcomes between the glucarpidase and nonglucarpidase groups, we conducted inverse-probability treatment weighting (IPTW) using propensity scores to control for between-group differences in patient characteristics and to make groups comparable. 49, 50 Specifically, we first estimated the likelihood of receiving glucarpidase within the study population using a logistic regression that controlled for patient characteristics. Based on the model estimates, we computed the predicted treatment probability, known as the propensity score, and used it to construct a patient weight that equaled the inverse of the probability of receiving/not receiving glucarpidase based on whether the patient was in the treatment or comparison group. Unadjusted outcomes were compared using t-tests for continuous variables and χ 2 tests for binary variables. Adjusted differences were analyzed using Stata 14's "teffects ipw" submit your manuscript | www.dovepress.com
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We also conducted a descriptive comparison of outcomes between patients who received glucarpidase early in their hospital stay and those who received it later. Patients who received glucarpidase within 3 days of hospital admission were identified as the early cohort and those who received it after 3 days of admission were defined as the late cohort. Assuming that Mtx infusion started on the first day of hospital admission, the use of 3 days from admission as the threshold is consistent with clinical guidelines for glucarpidase use, which recommend administering glucarpidase within 48-60 hours from the start of HDMtx infusion in patients with indication of delayed Mtx clearance. 43 We compared outcomes between the two cohorts of glucarpidase patients using t-tests for continuous outcomes and χ 2 tests for binary outcomes.
Results
There were 30 glucarpidase patients, 58 dialysis + patients, and 701 dialysis +/-patients who met our inclusion/exclusion criteria (Table 1 ). In the glucarpidase group, 18 had lymphosarcoma, reticulosarcoma, or other specified malignant tumors of the lymphatic tissue, 2 had lymphoid leukemia, and 11 had other lymphomas, with 1 person diagnosed with both lymphoid leukemia and other lymphomas. It is important to note that although the glucarpidase group was small, it represented the entire population of Medicare FFS beneficiaries treated with glucarpidase in the USA during the study period, as indicated in Medicare claims. We note that 4 of the 30 patients in the glucarpidase group received dialysis, but the data did not allow us to evaluate whether dialysis started before or after glucarpidase had been initiated.
Descriptive statistics revealed differences between the glucarpidase and nonglucarpidase groups in terms of clinical indicators, including renal failure, complicated hypertension, tumor-lysis syndrome, and total number of Elixhauser comorbidities (Table 2) . Using a standardized difference threshold of 0.2 to indicate meaningful imbalance between the two groups, we found that relative to the dialysis + group, the glucarpidase group had lower rates of pulmonary circulation disorders (3.3% vs 8.6%) and tumor-lysis syndrome (10.0% vs 24.1%) and higher rates of renal failure (other than AKI; 30.0% vs 3.4%) and complicated hypertension (23.3% vs 3.4%). 51, 52 When compared to the dialysis +/-group, the glucarpidase group had higher rates of renal failure (other than AKI; 30.0% vs 1.1%) and complicated hypertension (23.3% vs 1.4%) and a higher number of Elixhauser conditions, on average (2.7 vs 2.2). After IPTW, standardized differences between the glucarpidase group and nonglucarpidase groups fell below 0.20 for all of the patient characteristics examined.
Hospital LOS
Among patients who received glucarpidase, the average LOS was 14.7 days, 4.0 of which on average were spent in the ICU (Figure 1 and Tables 3 and 4 ). The dialysis + group had a longer average LOS (40.2), and on average patients (Figure 1 and Table 3 ). Patients in the dialysis +/-group spent an average 21.9 days in the hospital and 8.3 days in the ICU (Figure 1 and Table 4 ).
Mortality and readmission
Inpatient mortality among glucarpidase patients was 3.3% and 30-day and 90-day mortality 13.3% and 16.7%, respectively. The dialysis + group had a higher inpatient-mortality rate (50.6%) and 90-day mortality rate (58.6%; Figure 2 and Table 3 ). The dialysis +/-group had an inpatient-mortality rate of 20.8% and a 90-day mortality rate of 37.6% (Figure 2 and Table 4 ). We did not find a statistically significant difference between the glucarpidase group and either of the nonglucarpidase groups in terms of 30-day mortality or 90-day readmission rate. Figure 2 Rates of mortality among patients treated with glucarpidase and nonglucarpidase groups.
Notes: There was a -47.2 pp difference in inpatient mortality between the glucarpidase and dialysis + groups (P<0.001); and a -17.4 pp difference between the glucarpidase and dialysis +/-groups (P<0.05). There was a 21.7 pp difference in 30-day mortality between the glucarpidase and dialysis + groups (P<0.10). There was a -41.9 pp difference in 90-day mortality between the glucarpidase and dialysis + groups (P<0.001); and a -20.9 pp difference between the glucarpidase and dialysis +/-groups (P<0.05). *Differences in 30-day mortality rates between the glucarpidase and dialysis +/-groups not statistically significant at the 10% level. Authors' analysis of 2010-2017 Q3 Medicare inpatient standard analytic files. All claims analyses were conducted using Stata 14.
Additional analyses
We compared LOS, mortality, and readmission rates between patients who received glucarpidase within 3 days of admission to hospital and other glucarpidase patients. On average, Medicare beneficiaries in the glucarpidase group received glucarpidase within 3.7 days of admission, with 80% receiving it within 5 days of admission. Glucarpidase patients who received treatment within 3 days of admission spent on average 10.0 days in hospital and 0.8 days in the ICU (Table 5) . By comparison, glucarpidase patients who received treatment after 3 days of admission spent 21.7 days on average in hospital and 8.9 days in the ICU. Average LOS following glucarpidase administration was 8.5 days in the early-treated cohort and 14.6 days in the late-treated cohort.
We also examined outcomes for glucarpidase patients diagnosed with PCNSL to examine the robustness of our findings for PCNSL patients. When the glucarpidase group was limited to the 17 cases with PCNSL, average outcomes were similar to those observed in the broader glucarpidase group. With respect to the dialysis + group, glucarpidase patients with PCNSL had lower average LOS in hospital, LOS in ICU, inpatient mortality, and 90-day mortality, with differences in outcomes between the two groups similar to those between the broader glucarpidase group and dialysis + group. With respect to the dialysis +/-group, glucarpidase patients with PCNSL had lower inpatient mortality. Differences in the remaining outcomes between glucarpidase patients with PCNSL and dialysis +/-patients were directionally similar but statistically insignificant at the 10% level.
Discussion
Used in the treatment of PCNSL and other cancers, Mtx can cause significant toxicity and renal impairment. Patients who are likely to be treated for Mtx toxicity using dialysis or other supportive therapies experience long hospitalizations and high mortality rates. We found that Medicare beneficiaries who are diagnosed with PCNSL and treated for chemotherapy toxicity spend on average 22 days in hospital and 8 days in the ICU, and more than a third of them do not survive 90 days from admission to hospital. Among these patients, those treated using dialysis have even longer average LOS (40 days in hospital, 18 days in ICU) and higher 90-day mortality (59%).
Glucarpidase provides an alternative to conventional care in treating Mtx toxicity. We found that Medicare beneficiaries with select lymphomas and leukemias treated with glucarpidase had an average length of 15 days in hospital and four days in the ICU and a 90-day mortality of 17%. Although prior studies have focused on different patient populations in terms of age and cancer type, the mortality rate of our glucarpidase group was within the range of mortality rates reported in the studies identified in our literature review. An examination of outcomes between glucarpidase patients treated for select lymphomas and leukemias and PCNSL patients likely treated for Mtx toxicity revealed that glucarpidase patients had shorter LOS, lower inpatient mortality, and lower mortality within 90 days of hospital admission. The evidence for lower 90-day mortality among glucarpidase patients relative to the nonglucarpidase groups is noteworthy, because the study population tended to suffer from AKI, with resultant risk of developing CKD, cardiovascular events, and mortality. 33, 34 We found no statistically significant association between glucarpidase use and 30-day mortality or 90-day readmission rates. Our findings show that patients treated with glucarpidase had lower LOS and lower inpatient and 90-day mortality than patients who were not treated with glucarpidase.
Our exploratory analysis of the timing of glucarpidase administration showed that patients who received glucarpidase within 3 days of hospital admission spent on average ~8.1 fewer days in the ICU compared to patients who received glucarpidase later in their hospital stay. They also had shorter overall average LOS in the hospital; however, this difference was partially driven by the longer time to glucarpidase administration that resulted from the definition of the late cohort. These findings are consistent with clinical benefits observed in previous studies, including decreased rates of grade 4 toxicity when glucarpidase is given earlier, as well as with recently developed consensus guidelines to administer glucarpidase within 48-60 hours from starting HDMtx infusion in patients with indication of delayed Mtx clearance in order to minimize life-threatening toxicity. 4, 43 Our study has several limitations. First, we were limited by Medicare claims data, which do not provide information on Mtx toxicity; therefore, we could not confirm that the nonglucarpidase groups had been diagnosed with Mtx toxicity. Instead, our nonglucarpidase groups consisted of patients who were likely treated for Mtx toxicity based on their diagnosis of PCNSL, for which Mtx is a primary treatment, and indications of inpatient chemotherapy, AKI, and adverse effects/poisoning due to cancer chemotherapy and immunosuppressant drugs. Second, the decision to use glucarpidase is likely to be correlated with illness severity, which may not be observable in Medicare claims data, and may have contributed to the outcome differences between the glucarpidase and nonglucarpidase groups. Third, our samples for the glucarpidase and dialysis + groups were small, which may have contributed to the lack of statistical power to detect differences between groups for some outcomes. Furthermore, our study focused on the Medicare population, which consists primarily of elderly people older than 65 years, so our findings may not be generalizable to the broader population of patients with selected cancers. Finally, the exploratory analysis on the early and late users of glucarpidase is presented only for descriptive purposes, and additional research is needed to better understand how the timing of glucarpidase use may be associated with patient outcomes.
Conclusion
Mtx toxicity is a serious complication with potentially severe impacts on patient outcomes. Medicare cancer patients who receive conventional care for presumed Mtx toxicity experience long hospitalizations, high ICU use, and high mortality. Our findings showed that for Medicare beneficiaries with cancer experiencing Mtx toxicity, treatment with glucarpidase may be associated with shortened LOS, lower inpatient mortality, and lower 90-day mortality. We found no statistically significant relationships between glucarpidase and 90-day readmission rate. To the extent that the lower LOS 
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Literature search strategy
We conducted a literature review to identify published articles that reported patient outcomes associated with the use of glucarpidase in alleviating methotrexate (Mtx) toxicity in cancer patients. Patient outcomes examined included length of stay, readmissions, and mortality. A systematic literature review was performed using Embase (Wolters Kluwer Health, New York, NY, USA) and PubMed (National Center for Biotechnology Information, National Institutes of Health, Bethesda, MD, USA) databases for the following search terms: glucarpidase, methotrexate, toxicity, poisoning, cancer, mortality, readmissions, and length of stay (see below for the complete list of search terms and search queries). An initial screening for articles published in English between January 2000 and October 2018 was performed.
Thereafter, titles, abstracts, and full texts were screened to limit the studies to those focused on cancer patients being treated for Mtx and/or nephrotoxicity. Several studies examined clinical outcomes, such as serum creatinine levels and other renal function indicators, but did not report patient outcomes of interest in this literature review (ie, readmissions, mortality, length of stay). These studies were excluded from the literature review. An Excel worksheet (Microsoft, Redmond, WA, USA) was created to compile all relevant data. To ensure a comprehensive search, references within identified studies were further searched to include relevant articles missed in the initial search, and clinical experts reviewed our literature review to ensure we included all significant literature on the topic of Mtx toxicity and glucarpidase rescue. After title, abstract, and full-text screening, a total of 28 articles met all the inclusion/exclusion criteria and were included in the review (see below for literature review attrition chart).
Search terms
We used controlled vocabulary to identify articles on PubMed and Embase. We used the following terms to create combinations of keywords to identify studies: ("toxicity"/exp OR toxicity OR "intoxication"/exp OR intoxication OR "poisoning"/exp OR poisoning) AND ("carboxypeptidase g2"/exp OR "carboxypeptidase g2" OR "glucarpidase"/exp OR glucarpidase) AND ("methotrexate"/exp OR methotrexate) AND (("length of stay"/exp OR "length of stay" OR "hospital readmission"/exp OR "hospital readmission" OR "mortality"/exp OR mortality) OR ("intensive care unit"/exp OR "intensive care unit")) AND Abstracts screening n=78
Full-text screening n=33
Studies included in review n=28
Figure S1 Attrition chart.
